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TITLE OF THE INVENTION: 

METHOD AND RADIO TERMINAL EQUIPMENT ARRANGEMENT FOR 
POWER CONTROL, RADIO TERMINAL EQUIPMENT AND SECONDARY 
TERMINAL UNIT 

BACKGROUND OF THE INVENTION: 
Field of the Invention: 

[0001] The invention relates to a method of power control, to a radio 
terminal equipment arrangement, to radio terminal equipment and to a secon- 
dary terminal unit. 

Description of the Related Art: 

[0002] Mobile devices divided into several parts that are used in 
various combinations are being developed. Multipart radio terminals, for exam- 
ple, may include a cellular core unit and a number of optimized peripheral 
units. The peripheral units of the multipart radio terminals are optimized for 
specific tasks and all the peripheral units are connected to a core unit by low- 
power radio frequency (LPRF) connections, such as Bluetooth connections. 
One of the peripheral units may be optimized for making basic phone calls and 
another peripheral unit may be optimized for messaging and browsing or for 
imaging and music, for example. Typical mobile phones may also comprise 
several enhancement devices, such as headsets, pens, and web pads that 
communicate with the mobile phone over wireless connections. 

[0003] The core unit and the peripheral units of the multipart radio 
terminals use predetermined transmit power classes. The Bluetooth power 
classes are described in the Third Generation Partnership Project; Bluetooth 
Specification, Version 1.1, 22 February 2001, p. 21 of 1084. Typically, in a mo- 
bile environment, the core unit and the peripheral units are short range LPRF 
equipment. Bluetooth power class 2 is meant to be used in close-range areas, 
where the distance between the core unit and the peripheral units is between 0 
to 10 meters. Bluetooth power class 1 is meant to be used in long-range areas, 
where the distance between the core unit and the peripheral units is between 
10 to 100 meters. Usually, however, the range between the core unit and the 
peripheral units is about one meter. It would thus be a waste of power to have 
power class 1 equipment in multipart terminals at all times. Further, more re- 
strictions for using power class 1 are met in form of regulatory requirements 
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due to radiation towards the human body, for example. However, in home envi- 
ronments, for example, the core unit may be very far away from the peripheral 
units, and more output power would be required to maintain a good link quality 
between the devices. A user of the multipart device may not wish to carry the 
core unit along all the time but still carries the peripheral unit(s) with him/her. 
This increases Bluetooth link distances and causes connection and data trans- 
fer problems with power class 2. 

SUMMARY OF THE INVENTION: 

[0004] According to an embodiment of the invention, there is pro- 
vided a method of power control in a radio terminal equipment arrangement, 
the method comprising communicating, by radio terminal equipment, with one 
or more secondary terminal units of the radio terminal equipment arrangement 
by using a low power radio frequency (LPRF) connection, the radio terminal 
equipment arrangement using a predetermined transmitter power class, the 
method comprising detecting a change in a usage environment of the radio 
terminal equipment; and changing the transmitter power class of the radio ter- 
minal equipment based on the usage environment of the radio terminal equip- 
ment. 

[0005] According to another embodiment of the invention, there is 
provided a radio terminal equipment arrangement comprising radio terminal 
equipment and one or more secondary terminal units, the radio terminal 
equipment being configured to communicate with the one or more secondary 
terminal units by using wireless low-power radio frequency (LPRF) connec- 
tions, and to use a predetermined transmitter power class. The radio terminal 
equipment is further configured to detect a change in a usage environment of 
the radio terminal equipment and to change the transmitter power class of the 
radio terminal equipment based on the changed usage environment of the ra- 
dio terminal equipment. 

[0006] According to another embodiment of the invention, there is 
provided radio terminal equipment being configured to communicate with one 
or more secondary terminal units in a radio terminal equipment arrangement 
by using wireless low-power radio frequency (LPRF) connections, and to use a 
predetermined transmitter power class. The radio terminal equipment com- 
prises detecting means for detecting a change in a usage environment of the 
radio terminal equipment and power class changing means for changing the 
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transmitter power class of the radio terminal equipment based on the changed 
usage environment of the radio terminal equipment. 

[0007] According to yet another embodiment of the invention, there 
is provided a secondary terminal unit configured to communicate with radio 
terminal equipment of a radio terminal equipment arrangement by using wire- 
less low-power radio frequency (LPRF) connections, and to use a predeter- 
mined transmitter power class. The secondary terminal unit comprises detect- 
ing means for detecting a change in a usage environment of the radio terminal 
equipment and adjusting means for adjusting the transmitter power of the sec- 
ondary terminal unit based on the changed usage environment of the radio 
terminal equipment. 

[0008] The embodiments of the invention provide several advan- 
tages. The optimum transmit power class is automatically used in all situations. 
The connection and data transfer quality is improved also in environments 
where the distance between the devices of the radio terminal equipment ar- 
rangement is long. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0009] In the following, the invention will be described in greater de- 
tail with reference to preferred embodiments and the accompanying drawings, 
in which 

Figure 1 shows an example of a structure of a radio system; 

Figure 2 shows an example of structures of radio terminal equip- 
ment and secondary terminal units, 

Figure 3 shows an example of a method of power control in a radio 
terminal equipment arrangement, and 

Figure 4 shows another example of the method of power control in a 
radio terminal equipment arrangement. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

[0010] With reference to Figure 1, let us examine an example of a 
radio system to which preferred embodiments of the invention can be applied. 
The radio system can be based on, for example, GSM (Global System for Mo- 
bile Communications), WCDMA (Wideband Code Division Multiple Access) or 
CDMA (Code Division Multiple Access). 

[0011] A radio terminal equipment arrangement 90 in Figure 1 com- 
prises radio terminal equipment 100 and a number of secondary terminal units 
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102, 104, 112. The radio terminal equipment arrangement 90 is a multipart 
radio terminal equipment arrangement, for example. The radio terminal equip- 
ment 100, on the other hand, may be a core unit of the multipart radio terminal 
equipment arrangement, a typical mobile phone or a PDA (Personal Digital 
Assistant), for example. The secondary terminal unit 102, 104, 112 may be 
another mobile phone or any accessory device that is used with the mobile 
phone, such as a headset 112, a webpad, a wireless pen, a PDA device or a 
heart rate monitor. If the radio terminal equipment arrangement 90 is a multi- 
part radio terminal, the secondary units 102, 104, 112 may be peripheral units 
communicating with the multipart radio terminal. 

[0012] A cellular network may correspond to the combined structure 
of the GSM (Global System for Mobile Communications) and GPRS (General 
Packet Radio Service) systems, for example. GSM network elements are re- 
sponsible for the implementation of circuit-switched connections, and GPRS 
network elements are responsible for the implementation of packet-switched 
connections, some of the network elements, however, being shared by both 
systems. 

[0013] A centre 126 represents a mobile services switching centre 
(MSC) and a serving GPRS support node (SGSN) that enable circuit-switched 
and packet switched signalling, respectively, in the radio system. The cellular 
network may comprise a gateway unit 128, which is represented by a gateway 
mobile service switching centre (GMSC) and a gateway GPRS support node 
(GGSN). GMSC attends to the circuit-switched connections between the cellu- 
lar network and external networks, such as a public land mobile network 
(PLMN) or a public switched telephone network (PSTN), and GGSN attends to 
the packet-switched connections between the cellular network and external 
networks, such as the Internet. 

[0014] The centre 126 controls a radio access network (RAN) 120, 
which may comprise at least one base station controller 122 controlling at least 
one base station 124. The base station controller 122 can also be called a ra- 
dio network controller, and the base station 124 can be called node B. The ra- 
dio terminal equipment 100 of the radio terminal equipment arrangement 90 
may communicate with at least one base station 124 over a radio interface. 

[0015] The secondary terminal units 102, 104, 112 in the radio ter- 
minal equipment arrangement 90 may be optimized for specific tasks. One of 
the secondary terminal units is optimized for making basic phone calls and an- 
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other secondary unit is optimized for messaging and browsing or for image 
processing and music, for example. Data may be stored in the secondary ter- 
minal unit's own databases. The secondary terminal units 102, 104, 112 com- 
municate with the radio terminal equipment 100 with low-power radio fre- 
quency (LPRF) connections 106, 108, 110, such as Bluetooth or WLAN (Wire- 
less Local Area Network) connections. The radio terminal equipment 100, on 
the other hand, is configured to communicate with other systems, such as the 
Internet, for example with LPRF connections and with GSM/GPRS/EDGE con- 
nections 114 as well. It is possible that the secondary terminal units 102, 104 
also communicate with other systems with GSM/GPRS/EDGE connections, for 
example. It is also possible that the secondary units 102, 104 are configured to 
establish outside LPRF connections, such as WLAN connections, to other sys- 
tems. Also, the radio terminal equipment 100 may establish connections be- 
tween the secondary terminal units 102, 104 and other systems, such as the 
Internet or other radio terminals, via a cellular network by using a GSM or a 
GPRS/EDGE connection 1 14, for example. 

[0016] An embodiment of the invention is generally described in 
Figure 2. In the embodiment, the radio terminal equipment 100 comprises at 
least a control unit 200 for controlling the functions of the radio terminal equip- 
ment 100, and the radio terminal equipment 100 is configured to communicate 
with one or more secondary terminal units 102, 104 by using wireless low- 
power radio frequency (LPRF) connections 106, 110. 

[0017] The radio terminal equipment 100 may also comprise the fol- 
lowing elements: a power control changing means 208 for changing the trans- 
mission power class of the radio terminal equipment 100, a memory 212, a 
communications subsystem 210, a user interface 214, detecting means, such 
as a charging device 230 and a sensor device 240, for detecting changes in 
the usage environment of the radio terminal equipment 100. The secondary 
terminal units 102, 104 may comprise transmitter-receivers 222, 224 for com- 
municating with the radio terminal equipment 100, control units 216, 218 for 
controlling the functions of the secondary units 102, 104, and adjusting means 
for adjusting the transmission power of the secondary terminal unit 208. 

[0018] The control units 200, 216, 218 of the radio terminal equip- 
ment 100 and the secondary terminal units 102, 104 refer to blocks controlling 
the operation of the devices, and are nowadays usually implemented as a 
processor and soft-ware, but different hardware implementations are also fea- 
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sible, e.g. a circuit built of separate logics components or one or more client- 
specific integrated circuits (Application-Specific Integrated Circuit, ASIC). A 
hybrid of these implementations is also feasible. The communications subsys- 
tem 210 controls the communication of the radio terminal equipment 100. The 
user interface 214 of the radio terminal equipment 100 is an interface via which 
the user can interact with the software of the radio terminal equipment 100 and 
with the secondary units 102, 104 as well. The user interface 214 may com- 
prise a display. In addition, the user interface 214 may include a loudspeaker 
and a keypad part. Depending on the type of the device, there may be different 
user interface parts and a varying number of them. 

[0019] The radio terminal equipment 100 and the secondary termi- 
nal units 102, 104 use a predetermined transmit power class. Typically, in a 
mobile environment, the radio terminal equipment 100 and the secondary ter- 
minal units 102, 104 use 0 dBm nominal transmit power, that is, they are 
power class 2 equipment. Bluetooth power class 2 is meant to be used in 
close-range areas, where the distance between the radio terminal equipment 
100 and the secondary terminal units 102, 104 is between 0 to 10 meters. 
Bluetooth power class 1 is meant to be used in long-range areas, where the 
distance between the radio terminal equipment 100 and the secondary termi- 
nal units 102, 104 is between 10 to 100 meters. The Bluetooth output power in 
power class 1 may be 20 dBm, for example. 

[0020] In an embodiment, the radio terminal equipment 100 is con- 
figured to detect a change in the usage environment of the radio terminal 
equipment 100 and to change the transmitter power class of the radio terminal 
equipment 100 based on the changed usage environment. The radio terminal 
equipment 100 may include detecting means for detecting such changes in the 
usage environment of the radio terminal equipment 100. Further, the one or 
more secondary terminal units 102, 104 of the radio terminal equipment ar- 
rangement may be configured to change the transmitter power class of the 
secondary terminal units based on the changed usage environment of the ra- 
dio terminal equipment 100. It is possible that the power class of the one or 
more secondary terminal units 102, 104 is not changed, but the transmit power 
of the secondary terminal units 102, 104 may be adjusted instead. The change 
in the usage environment of the radio terminal equipment 100 may be detected 
based on detecting a connection between the radio terminal equipment 100 
and the charging device 230, for example. Further, the change in the usage 
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environment may be detected based on detecting a disconnection of the radio 
terminal equipment 100 from the charging device 230. 

[0021] The transmitter power class of the radio terminal equipment 
100 is changed based on the usage environment of the radio terminal equip- 
ment 100. If it is detected that the radio terminal equipment 100 is connected 
to a charger device 230, for example, the transmitter power class may be 
changed to a power class using higher power. For example, when the user of 
the radio terminal equipment 100 is in a home environment, the radio terminal 
equipment 100 does not have to be carried on the user all the time. The user 
of the radio terminal equipment 100 may then leave the device to a desk stand, 
which connects the radio terminal equipment 100 to a charger device 230. The 
radio terminal equipment 100 detects a connection that gives the radio terminal 
equipment 100 the information on the changed usage environment. If the radio 
terminal equipment 100 is connected to a charging device 230 or a desk stand, 
it most certainly will not be in the user's pocket or in any carrying means any 
more. However, the user may still carry the secondary terminal units 102, 104 
with him or her. Thus, the transmitter power may be increased in order to pre- 
vent any connection or data transfer problems between the radio terminal 
equipment 100 and the secondary units 102, 104 due to the increased dis- 
tances between the devices. 

[0022] The radio terminal equipment 100 may give control com- 
mands to the secondary terminal units 102, 104 to change their power classes 
or transmit power levels also. The secondary terminal units 102, 104 may then 
start using another power class based on the information from the radio termi- 
nal equipment 100. It is also feasible that the power class of the secondary 
units 102, 104 is not changed if other power control means of the secondary 
units are used. The higher power used when the radio terminal equipment 100 
is connected to the charging device 230, for example, does not affect the sec- 
ondary terminal units 102, 104 operation times since the transmitted data load 
is low. When the radio terminal equipment 100 is on the desk stand or con- 
nected to the charging device 230, for example, Bluetooth power amplifier 
does not drain battery capacity because of the connection. Further, radiation 
would not be a problem since the radio terminal equipment 100 would not be 
near a human body. 

[0023] In an embodiment of the invention, detecting means such as 
the sensor device 240 of the radio terminal equipment 100 may be used for 
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detecting a predetermined distance between the radio terminal equipment 100 
and a human body. Thus, the radio terminal equipment 100 is configured to 
detect the change in the usage environment based on the detected distance 
between the radio terminal equipment 100 and the human body by the sensor 
device 240. The sensor device 240 may be a proximity sensor detecting the 
closeness of a human body, for example. The sensor device 240 may also be 
any sensor that could be used to detect essential information about the user 
environment of the radio terminal equipment 100. The sensor device 240 may 
also be a coupling device carried on a user's belt, for example, to detect a 
connection between the radio terminal equipment 100 and the sensor device 
240. 

[0024] Figure 3 shows an example of a method of power control in a 
radio terminal equipment arrangement. The method starts in 300. In 302, it is 
detected whether any changes exist in the user environment of the radio ter- 
minal equipment. A change in the user environments may be detected when 
the radio terminal equipment is connected to a charging device, for example. 
Accordingly, disconnecting the radio terminal equipment from the charging de- 
vice may result in detecting a change in the user environment of the radio ter- 
minal equipment. 

[0025] If, in 302, a change in the user environment is detected, the 
process proceeds to 304 where the power class of the radio terminal equip- 
ment is adjusted. Let us assume that the power class of the radio terminal 
equipment and the secondary terminal units would be Bluetooth power class 2 
at first. When operating in Bluetooth power class 2, the uplink and downlink 
nominal output powers are 0 dBm. Next, when the user environment changes, 
the power class of the radio terminal equipment is changed to Bluetooth power 
class 1, for example. In Bluetooth power class 1, the uplink and downlink out- 
put powers are 20 dBm, for example. The power class may be changed to a 
power class using a higher power level when the establishment of the connec- 
tion between the radio terminal equipment and the charger device is detected. 
Accordingly, the power class is changed to a power class using a lower power 
level when the connection between the radio terminal equipment and the 
charging device ends. 

[0026] In 306, the transmit power or the transmit power class of the 
one or more secondary terminal units may be adjusted based on the usage 
environment of the radio terminal equipment. It is possible that the radio termi- 
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nal equipment sends a control command to the secondary terminal units to 
change their power class to be the same as the power class of the radio termi- 
nal equipment. Alternatively, the power class of the secondary terminal units is 
not changed if other power control means are used. The method ends in 308. 

[0027] Next, let us study the example of Figure 4 of a method of 
power control in a radio terminal equipment arrangement. In Figure 4, the first 
vertical line RADIO TERMINAL EQUIPMENT 100 denotes communication 
originating from radio terminal equipment and measures taken by the radio 
terminal equipment. The second vertical line SECONDARY TERMINAL UNIT 
102, 104 denotes communication of the secondary terminal unit and measures 
taken by the secondary terminal unit. 

[0028] At first, the power class of the radio terminal equipment and 
the secondary terminal unit is Bluetooth power class 2. In 400, it is detected in 
the radio terminal equipment that the connection between the radio terminal 
equipment and a charging device has been established. In 402, the power 
class of the radio terminal equipment is changed from Bluetooth power class 2 
to Bluetooth power class 1 . In 404, a control command for changing the power 
class of the secondary terminal unit may be sent from the radio terminal 
equipment to the secondary terminal unit. The secondary terminal unit may 
change its Bluetooth power class from 1 to 2 in 406. It is also possible that the 
power class of the secondary terminal units is not changed, depending on the 
system, if other means of power control are in operational. 

[0029] Next, in 408, it is detected in the radio terminal equipment 
that the connection between the radio terminal equipment and the charging 
device ends. In 410, Bluetooth power class of the radio terminal equipment is 
changed from the Bluetooth power class 1 back to Bluetooth power class 2. 
Then, in 412, a control command for changing the power class of the secon- 
dary terminal unit is sent from the radio terminal equipment to the secondary 
terminal unit. Finally, in 414, the power class of the secondary terminal unit 
may be changed from Bluetooth power class 1 to Bluetooth power class 2. 

[0030] Even though the invention has been described above with 
reference to an example according to the accompanying drawings, it is clear 
that the invention is not restricted thereto but can be modified in several ways 
within the scope of the appended claims. 



